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eastbound span of the Highway 4 bridge (Figure 5). This feature consists of a
concrete-encased pipeline that was mostly submerged below the water surface
during monitoring for fish passage barriers. However, at lower flows, such as
those that probably occur in late summer and early fall, this feature may create
shallow water depths, thereby creating unfavorable conditions for fish passage.

Drop Structure Number 1 upstream of Willow Pass Road. Drop Structure
Number 1 was constructed as part of the project’s flood protection
improvements. This feature is a grade-control structure with a vertical drop of
9.3 feet (Figure 6). On the day of the evaluation, the staging pool depth was
0.6 foot, and the horizontal jumping distance was 28.0 feet. The drop structure’s
excessive height and horizontal jumping distance, in combination with poor
staging conditions downstream of the vertical drop, impede the passage of adult
steelhead and Chinook salmon at all but the highest of flows. At higher flows,
the vertical height is reduced, water depths downstream of the vertical drop
increase, and some adults may be able to pass this structure. However, these
conditions are likely rare events that last for a short duration, thereby making it
unlikely that any substantial numbers of migrating adults are able to take
advantage of the improved passage conditions these flow conditions provide.

3.4 Habitat Mapping
3.4.1 Channel Types

In lower Walnut Creek from the upstream limit of tidal influence to Monument
Boulevard, 26 pools, 16 riffles, and 50 runs were mapped in WY 2004 (Table 6).
Pool, riffle, and run habitats accounted for 24, 6, and 70%, respectively, of the
total channel length. The lengths for the three habitat types ranged from 19.4 to
2,351 feet for pools, 24.1 to 273.3 feet for riffles, and 33.6 to 1,531.7 feet for
runs. Overall, the average length of habitat types was 191 feet for pools, 83 feet
for riffles, and 289 feet for runs. From the concrete-encased pipeline crossing
below the Highway 4 bridge to Suisun Bay, a distance of 3.6 miles (18,758 feet),
lower Walnut Creek is a tidal slough.

From its confluence with lower Walnut Creek to the Highway 4 bridge, lower
Grayson Creek is a tidal slough.

Table 6. Summary of Instream Habitat Types in Lower Walnut Creek

Number of Habitat Types  Percentage of Segment Length Average Length (feet)
Monitoring Date ~ Pool Riffle  Run Pool Riffle Run Pool Riffle Run
April 2004 26 16 50 24 6 70 191 83 289
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Submerged Pipeline Crossing above Highway 4 (view is from the west bank).

T i
iHa Figure 5
] ones & Stokes Potential Fish Passage Barrier

04-BARR-002




04024.04 052 (05/04)

Drop Structure No. 1 above Willow Pass Road (view is from the west bank looking upstream).
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3.4.2 Shaded Riverine Aquatic Cover

In lower Walnut Creek from the upstream limit of tidal influence to Monument
Boulevard, SRA cover was identified and mapped at 10 locations (Appendix A).
SRA cover elements identified included undercut banks (190 linear feet),
instream woody material, and overhanging vegetation. Vegetation overhanging
the wetted channel was limited to two immature willow trees that contributed
approximately 20 linear feet of SRA cover. In general, instream woody material
was scarce and limited to one large piece (approximately 8 feet long) anchored to
the creek bottom.

3.4.3 Spawning Gravel

Spawning gravel abundance and quality was measured at 20 potential spawning
sites in lower Walnut Creek (Appendix A). The tidally influenced segments of
lower Walnut and Grayson Creeks were not surveyed for spawning gravels
because salmonids do not spawn in these habitats; adult salmonids spawn in free-
flowing sections of freshwater streams that contain gravels of suitable size and
quality.

In the discussion below, the results for spawning gravel monitoring are first
presented for gravel abundance and then for gravel quality. Gravel abundance
results include one horizontal and one vertical measurement of spawning gravel
distribution: spawning gravel area and inundated area of gravel. Gravel quality
results include the percentage of substrate in each particle size category and the
percentage of fines (i.e., sediment less than 5 mm) for each gravel site.

In lower Walnut Creek, individual spawning gravel areas varied in size from

126 square feet to 3,168 square feet (Figure 7). The total abundance of spawning
gravel was 16,586 square feet in lower Walnut Creek between the upper limit of
tidal influence and Drop Structure Number 1 (Table 7). Approximately 95% of
the total gravel measured was inundated by flow during monitoring on April 2
and 7, 2004 (Figure 8). Gravels between Drop Structure Number 1 and
Monument Boulevard did not meet the minimum spawning gravel requirements.
The number of potential steelhead and Chinook salmon redds varied by site
(Table 7). Overall, lower Walnut Creek could potentially support 296 steelhead
and 166 Chinook salmon redds.
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Table 7. Total Spawning Habitat Area by Potential Spawning Site, and the Potential
Number of Redds Supported by Each Site

Number of Potential Redds

Spawning Habitat Area

Site Number (square feet) Chinook Salmon Steelhead
04-GRAV-001 1,178 12 21
04-GRAV-002 126 1 2
04-GRAV-003 360 4 6
04-GRAV-004 1,364 14 24
04-GRAV-005 576 6 10
04-GRAV-006 660 7 12
04-GRAV-007 528 5 9
04-GRAV-008 171 2 3
04-GRAV-009 846 8 15
04-GRAV-010 468 5 8
04-GRAV-011 287 3 5
04-GRAV-012 472 5 8
04-GRAV-013 259 3 5
04-GRAV-014 880 9 16
04-GRAV-015 1,273 13 23
04-GRAV-016 160 2 3
04-GRAV-017 1,131 11 20
04-GRAV-018 1,216 12 22
04-GRAV-019 3,168 32 57
04-GRAV-020 1,464 15 26
Totals 16,586 166 296

Most gravel at potential spawning sites was round and not angular. The
percentage of particles in each size category was identified for all 20 potential
spawning sites (Table 8). Particles in category 1-4 were observed at all sites.
The percentages ranged from 22 to 67% for category 1 (less than 2 mm), 5.7 to
25.6% for category 2 (2-5 mm), 16.7 to 47.7% for category 3 (5-25 mm), and 1
to 18.9% for category 4 (25-102 mm). Only one site had particles in category 5
(102-152 mm), and the percentage was 1.2%. The percentage of total fines (i.e.,
percentage of particles less than 5 mm) for all potential spawning sites varied
from 42 to 80% (Figure 9). There is no obvious longitudinal trend in percentage
of fines among the 20 potential spawning sites.
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Table 8. Percentage of Substrate in Each Particle Size Category for Each Gravel Site in Lower
Walnut Creek

Percentage
Category 1 Category 2 Category 3 Category 4 Category 5
Site Number (<2 mm) (2-5 mm) (5-25 mm) (25-102 mm)  (102-152 mm)
04-GRAV-001 23 19 39 19 0
04-GRAV-002 22 26 40 12 0
04-GRAV-003 56 20 18 6 0
04-GRAV-004 48 24 25 2 0
04-GRAV-005 51 12 30 7 0
04-GRAV-006 37 26 37 1 0
04-GRAV-007 54 17 27 2 0
04-GRAV-008 36 21 39 5 0
04-GRAV-009 44 24 28 3 0
04-GRAV-010 63 7 25 5 0
04-GRAV-011 67 10 17 7 0
04-GRAV-012 67 14 17 3 0
04-GRAV-013 42 19 31 7 1
04-GRAV-014 45 16 34 5 0
04-GRAV-015 53 10 25 12 0
04-GRAV-016 27 16 46 12 0
04-GRAV-017 46 6 40 8 0
04-GRAV-018 26 19 48 7 0
04-GRAV-019 26 20 46 8 0
04-GRAV-020 62 11 26 1 0

3.5 Chinook Salmon Fry Emergence

3.5.1 Redd Excavations

Sixteen of the 20 potential spawning sites were excavated. Dead Chinook
salmon eggs and fragments of dead eggs were found at two of the potential
spawning sites. Twenty-five dead eggs were observed at potential spawning site
04-GRAV-008, and 2 dead eggs and egg fragments were observed at potential
spawning site 04-GRAV-020 (Appendix A). No Chinook salmon eggs or egg
fragments, including eggshells from hatched eggs, were observed at the
remaining 14 potential spawning sites excavated.
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3.5.2 Seining for Juvenile Chinook Salmon

A total of 15 seine hauls were conducted in lower Walnut Creek between
Highway 4 and Drop Structure Number 1 on April 15 and 20, 2004. Habitats
upstream of Drop Structure Number 1 were not sampled because conditions in
this reach for seining are poor, spawning habitat is lacking, and the probability
that anadromous adults can pass Drop Structure Number 1 is very low.
Collectively, approximately 1,840 linear feet of stream habitat was sampled.

Eleven fish, comprising three species, were collected by seining (Table 9). Five
juvenile Sacramento sucker (Catostomus occidentalis), three inland silverside
(Menidia berylinna), and three threespine stickleback (Gasterosteus aculeatus)
were collected. Sacramento sucker and threespine stickleback represent the only
native species collected. No steelhead or Chinook salmon fry or smolts were
collected, although water temperatures ranged from 58 to 68°F (most of the time
water temperatures were between 58°F and 64°F) and were within the acceptable
range for salmonids. Water temperatures less than 64°F are considered optimal
for juvenile rearing (Raleigh et al. 1986).

Although not collected by seining, many adult carp (Cyprinus carpio) and adult
Sacramento sucker were observed in Walnut Creek in the vicinity of collections.
Habitats with large numbers of adults of these species were not sampled because
of the potential for large numbers of fish to be injured or killed as a result of
overcrowding in the net.
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Table 9. Species, Number Collected, and Size of Walnut Creek Fish Captured by Seining, April 15 and

20, 2004

Sampling Area Length of Average Fork Length  Size

Identification Seine Haul Number (mm) (Standard Range

Number Species Collected Deviation) (mm)

04-JUVE-001 35 Threespine stickleback 2 42.5(3.5) 40-45

04-JUVE-002 420

04-JUVE-003 100

04-JUVE-004 100

04-JUVE-005 100

04-JUVE-006 100

04-JUVE-007 100

04-JUVE-008 100

04-JUVE-009 100 Sacramento sucker 5 23.8(2.8) 20-27
Inland silverside 3 83.0 (3.5) 81-87

04-JUVE-010 165

04-JUVE-011 100

04-JUVE-012 100 Threespine stickleback 1 51 51

04-JUVE-013 120

04-JUVE-014 100

04-JUVE-015 100

4.0 Discussion

4.1 Adult Migration and Spawning

The observation of one live adult Chinook salmon, 55 carcasses, and several
potential redds on lower Walnut Creek indicates that this stream supports the
migration and spawning of Chinook salmon. The observation of one Chinook
salmon carcass on lower Grayson Creek indicates that, at a minimum, adult
Chinook salmon migrate up lower Grayson Creek. The data are inconclusive
regarding whether lower Walnut and Grayson Creeks support the migration and
spawning of steelhead because no live adults, carcasses, or redds were found in
either stream. However, the absence of detection of adult steelhead in lower
Walnut and Grayson Creeks may be the result of the limited sampling effort, or
steelhead may have migrated through the study area to upstream habitats on

tributary streams.
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Water clarity was generally adequate for viewing adult steelhead and Chinook
salmon, carcasses, and redds during the monitoring period. Water clarity is not
believed to have caused the lack of observations of adult steelhead and redds in
lower Walnut and Grayson Creeks because Secchi tube readings during the
primary months of steelhead migration and spawning often exceeded 1.2 meters,
which provides an unobstructed view of the stream bottom in most locations.
However, adult steelhead may have gone undetected in some of the deeper pools
(e.g., near Highway 4).

Peak flows in Walnut Creek were of sufficient size to mobilize channel substrates
and disturb redds between monitoring activities. As a result, steelhead and
Chinook salmon redds may have gone undetected. Jones & Stokes fish biologists
noted that, during the first adult migration and spawning monitoring activity in
late January, Chinook salmon redds that were assumed to have been constructed
during the preceding months were often indistinguishable from the surrounding
streambed. This observation was confirmed later during redd excavations when
dead Chinook salmon eggs were found in gravel substrates that showed no
evidence of disturbance by spawning adult Chinook salmon.

Peak flows were also of sufficient size to mobilize adult carcasses and may have
caused many of the Chinook salmon carcasses to go undetected. That many of
the 56 Chinook salmon carcasses were found on the floodplain, which is often 6-
8 feet above the water surface, indicates that the distribution of Chinook salmon
carcasses was influenced by storm flows. In addition, some carcasses probably
went undetected because of the relatively late timing of the start of monitoring
(i.e., late January). Because fall-run Chinook salmon spawn and die primarily in
October-December, it is likely that many of their carcasses were in the latter
stages of decomposition long before surveys commenced. This hypothesis is
supported by the observations of many Chinook salmon skeletons. It is not
surprising, however, that steelhead carcasses were not observed because most
adult steelhead survive spawning and return to the ocean.

The observations of live adult Chinook salmon and carcasses is consistent with
previous observations for lower Walnut Creek (Contra Costa County 1992),
although the data are inconclusive regarding the current trend in the population
because of the lack of data. Furthermore, the data regarding population trends
for steelhead also are inconclusive because of the lack of data. Although
steelhead redds and young have been observed in previous years (Contra Costa
County 1992), the lack of observations of steelhead in WY 2004 may reflect the
variability expected in response to environmental conditions, including
population response to weather and ocean conditions and differences in
monitoring methods.

4.2 Anadromous Fish Passage

The observation of Chinook salmon adults and carcasses upstream of the two
potential fish passage barriers in the vicinity of Highway 4 (Appendix A)
indicates that these features are not complete barriers to adult migration.
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However, the data collected during monitoring are inconclusive regarding
whether these features delay adults during their upstream migration. Passage
conditions at the downstream pipeline crossing are probably more suitable during
periods of high tide or storm runoff, when greater water depths downstream of
the pipeline crossing reduce the height of, or eliminate, the vertical drop. More
focused monitoring during the fall months when adults are migrating up lower
Walnut Creek would reveal more specific information on fish behavior and
passage conditions during the peak of the spawning migration.

The hypothesis that Drop Structure Number 1 is a complete, or nearly complete,
barrier to fish migration is supported by the monitoring data: no adult steelhead
or Chinook salmon and no carcasses were observed between the drop structure
and Monument Boulevard. However, the lack of observations of adults upstream
of Drop Structure No. 1 may be the result of undocumented migration between
Drop Structure Number 1 and Monument Boulevard or the inability of biologists
to observe live adults or carcasses in the deep pool immediately upstream of the
drop structure. During periods of increased streamflow following storm events,
some adult steelhead and Chinook salmon may be able to pass the drop structure,
when the height of the jump is reduced. Although some adults may find suitable
passage conditions during these periods, the likelihood that significant numbers
of adults pass Drop Structure Number 1 in any year is probably low because
adults tend to migrate during rising or falling streamflows, rather than during
periods of peak runoff, and the duration that suitable conditions exist is probably
relatively short.

4.3 Habitat Type and Shaded Riverine Aquatic Cover

Overall, habitat diversity and complexity in lower Walnut Creek is low. Stream
habitats consist primarily of long runs interspersed with short riffle and pool
habitats of varying lengths. Instream cover is low, but, when it occurs, it is often
in the form of undercut clay banks. Clearly, the relatively low diversity and
complexity of instream habitats in lower Walnut Creek reflects the disturbed
nature of the stream channel and the lack of an established riparian corridor. The
fine uncohesive soils that comprise the streambanks and the lack of woody
riparian vegetation contribute to bank instability, which in turn results in the lack
of channel structure and in accelerated bank erosion. This erosion contributes to
the high levels of fines in the channel.

The relatively low occurrence of riffle habitats and percentage of stream length
composed of riffle habitats may limit the availability of habitat for aquatic
insects, an important food item for juvenile salmonids. The relatively low
occurrence of riffle habitats may also limit the availability of spawning habitat
for anadromous salmonids. Spawning habitat is often found at the transition
between riffle and run or riffle and pool habitats.
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The lack of an established riparian corridor contributes to the relatively low
occurrence and amount of SRA cover. Riparian vegetation, including SRA
cover, provides:

m cover from predators for fish,
m streambank stability,
m increased habitat complexity,

m  attachment sites for insects (a food source for juvenile salmonids), and

m shade, which is important in maintaining water temperatures within ranges
suitable for all life stages of fish.

Generally, streams that support healthy populations of steelhead and Chinook
salmon also support an abundance of SRA cover.

4.4 Spawning Gravel Abundance and Quality

Observed redd size for Central Valley Chinook salmon ranges from 75 to

650 square feet (Reynolds et al. 1990). Steelhead redds are substantially smaller.
For the purpose of this discussion, a redd size of 56 square feet is assumed for
steelhead and 100 square feet is assumed for Chinook salmon. All the measured
gravel patches were larger than the criteria of 56 and 100 square feet, so the
estimated number of redds was based on the sum of the estimated number of
redds for the individual gravel patches. Gravel area within each gravel patch was
divided by 56 square feet to provide an estimated number of redds for steelhead
and by 100 square feet to provide an estimated number of redds for Chinook
salmon.

Although lower Walnut Creek could support an estimated 296 steelhead and 166
Chinook salmon redds, the relatively high percentage of fine sediment at all
potential spawning sites surveyed indicates potentially low availability of
productive spawning habitat. The high percentage of fines within all stream
reaches surveyed could result in low survival of eggs and emergent fry. The
percentage of fines is one of the main factors that affects embryo survival, time
of emergence, and size of emergent fry (Bjornn and Reiser 1991). Embryo
survival is significantly reduced when the percentage of fines exceeds 30-40%.
Fines reduce the supply of oxygen to the embryos and impede emergence of fry
from redds (Tappel and Bjornn 1983; Waters 1995). Particles between 2 and

5 mm have less effect on flow through a redd and oxygen supply but may impede
emergence. Overall, the relative percentage of fine particles less than 2 mm in
diameter in lower Walnut Creek is relatively high (22—-67%) for all locations
(Table 8). If fines less than 5 mm are also considered, all potential spawning
sites have fines in excess of 40% (Figure 6). The high percentages of particles in
category 1 (i.e., less than 2 mm) and category 2 (i.e., 2-5 mm) in gravels
indicates potentially poor spawning habitat and possibly low production of fry.
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4.5 Chinook Salmon Fry Emergence

The potential effects of fine sediment on survival are supported by the data
collected on fry emergence. Excavation of redds provided additional support for
the hypothesis that fines may result in mortality of eggs. Based on gravel quality
monitoring, the relative percentage of fine particles less than 2 mm in lower
Walnut Creek is relatively high (22-67%) (Table 8). Optimal conditions for
spawning of steelhead and Chinook salmon require less than 10% fines (Raleigh
et al. 1986). Decomposing eggs were observed in spawning gravel patches at
two locations (04-GRAV-008 and 04-GRAV-020; Appendix A), although
mortality may also be partially attributable to warm water temperatures early
during incubation. However, the effect of lower Walnut Creek water
temperatures on early incubation in fall 2003 is not currently known because
water temperature probes were not installed until February 2004.

A second effect of high levels of fine sediment in the spawning gravel is impeded
emergence of fry from the redd. Impedance of emergence, however, is not well
supported because of the lack of data. The presence of dead Chinook salmon
alevins or fry in excavated redds would support the hypothesis that fry
emergence is impeded by the high levels of fine sediments; however, no alevins
or fry were found. The lack of observations of Chinook salmon alevins or fry
may reflect undocumented emergence (excavations were conducted well beyond
the expected date of fry emergence), scour of eggs and fry, insufficient sampling,
or a combination of factors.

Future monitoring that focuses on excavating Chinook salmon redds for which
specific data related to water temperature and date of redd construction are
available would yield valuable information on the effects of water temperature
and the high levels of fines on incubation.

The absence of juvenile steelhead and Chinook salmon in seining collections
may reflect the low probability of capture when the number of juveniles present
is low. However, the absence of juveniles in the catch may indicate outmigration
(e.g., of juvenile Chinook salmon), a lack of successful adult spawning, limited
sampling, or a combination of these factors. Environmental conditions (e.g.,
water temperature) are not likely to have been a factor in the absence of juvenile
salmonids in collections because sampling was conducted at water temperatures
that were within the range considered acceptable for juvenile salmonids and at
the time of year (i.e., spring) when juveniles would be expected.

5.0 Summary and Conclusions

The observations of live and dead Chinook salmon indicate that lower Walnut
and Grayson Creeks continue to support the migration and spawning of Chinook
salmon. Monitoring data, however, are inconclusive regarding whether lower
Walnut and Grayson Creeks support migration and spawning of steelhead.
Although these stream sections support migration and spawning of adult Chinook
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salmon and possibly steelhead, it is unknown whether they support successful
production of steelhead and Chinook salmon fry.

Several factors may be contributing to the low survival of eggs and fry.

m High percentage of particles less than 5 mm in gravels at potential spawning
sites likely contribute to low survival of eggs and possibly low emergence of
young from the gravel.

m  Scour may also play a role in spawning success, although scour was not
monitored as part of this effort.

m  Water temperature also may be a factor affecting egg and fry survival in
lower Walnut Creek. Monitoring of water temperatures that is planned for
fall 2004 as part of the current monitoring effort will be helpful in identifying
whether water temperature during spawning and egg incubation affects
Chinook salmon egg and fry survival.

The observation of Chinook salmon adults and carcasses upstream of the two
potential fish passage barriers in the vicinity of Highway 4 indicates that these
features are not complete barriers to adult migration. However, it is unclear from
the monitoring data whether these features temporarily delay the upstream
movement of adult salmonids or whether adult migration is unaffected by the
structures. No additional fish passage barriers are present in lower Walnut Creek
from Highway 4 to Drop Structure Number 1. Based on a field evaluation of
Drop Structure Number 1, it appears that this structure represents the upstream
limit of migration for adult steelhead and Chinook salmon. Although adults may
pass Drop Structure Number 1 during high-flow conditions, it is likely that
passage would be limited to just a few adults in any given year.

Overall, diversity and complexity of channel habitats in lower Walnut Creek is
low. Clearly, the low habitat diversity and channel complexity are a function of
past disturbances to the channel, the present lack of riparian vegetation, and the
high erodibility of the streambanks. The low occurrence of riffle habitats,
relative to other habitat types (i.e., pools and runs), may be a factor limiting the
availability of spawning habitat in lower Walnut Creek.

Lower Walnut Creek could support an estimated 296 steelhead and 166 Chinook
salmon redds; however, the percentage of fines at all potential spawning area is
relatively high. The high level of fines indicates potentially poor spawning
habitat and possibly low production of fry.

The observation of dead Chinook salmon eggs at two of the potential spawning
sites suggests that spawning habitat in lower Walnut Creek is poor. However, it
is unclear from the data whether low survival is the result of the high percentage
of fine sediments, warm water temperatures during spawning and egg incubation
periods, or a combination of these factors.

No juvenile steelhead or Chinook salmon were collected during seining, despite
sampling in a range of habitat types and locations accessible to anadromous
adults and containing potential spawning habitat. Furthermore, sampling was
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conducted at water temperatures that were within the range considered acceptable
for juvenile salmonids and at the time of year (i.e., spring) when juveniles would
be expected. The absence of juveniles may indicate outmigration (e.g., of
juvenile Chinook salmon), a lack of successful adult spawning, limited sampling,
or a combination of factors.

6.0 Recommendations

The adult migration and spawning monitoring for WY 2004 provided
information that indicated that adult Chinook salmon use lower Walnut Creek,
and possibly lower Grayson Creek, for migration and spawning. However,
because WY 2004 monitoring did not commence until the end of the Chinook
salmon migration and spawning season, there was limited opportunity to collect
additional baseline data on anadromous adults. This data may be useful to guide
management decisions and restoration alternatives in lower Walnut and Grayson
Creeks.

Monitoring of adult migration and spawning at the beginning of the migration

and spawning season (e.g., in October) would allow for the collection of more

detailed information on the:

m timing and location of spawning,

m number of adults returning to Walnut Creek;

m  sex ratio of returning adults,

m  extent of prespawning mortality; and

m ratio of adults with clipped adipose fins to those without (hatchery fish
containing a coded-wire tag have their adipose fin clipped).

These data would ensure confirmation that:

m  migration and spawning occur at water temperatures consistent with the
needs of Chinook salmon,

m the two potential fish passage barriers near Highway 4 do not delay the
movement of adults, and

m  spawning occurs in gravel included in the gravel abundance measurements.

In addition, coded-wire tags recovered from carcasses having clipped adipose
fins would yield data on the origin of hatchery fish. The ratio of carcasses with
adipose fins to those without could provide an estimate of the proportion of the
returning adult population that is hatchery derived.

Monitoring of adult migration and spawning during the primary months of
spawning (i.e., October—December) would permit biologists to precisely locate
redds and identify the timing of redd construction, which are activities needed for
the monitoring of fry emergence. Monitoring of fry emergence would provide
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information on the survival of eggs and young in the gravel. These data could be
used to identify relationships between emergence and environmental conditions,
such as water temperature, channel dimensions and form, water depth and
velocity, and substrate quality and scour. Excavation of redds following the
predicted date of emergence, and shortly after spawning, would provide
information on redd success, including information on the apparent proportion of
egg development prior to death and on potential impedance of fry emergence.
Although fry trapping would provide valuable information on successful
emergence, the proximity of spawning sites to areas frequented by the public
would make it difficult to guard the traps from vandalism.

Scour may be a major factor in egg survival for lower Walnut Creek; however,
the information collected during WY 2004 did not provide data for which
conclusions about scour effects could be drawn. Including measurements of
streambed topography and scour chains during redd construction and after
emergence would provide evidence for scour effects.

Monitoring of fry emergence and scour would help to identify and confirm
environmental conditions that may be limiting steelhead and Chinook salmon
production, abundance, and distribution in lower Walnut Creek. Actions may be
identified and recommended to enhance spawning habitat conditions and
contribute to the production of the life stage. For example, the addition of
spawning gravel to Walnut Creek could increase spawning habitat area and
habitat quality, but augmentation of gravels is best implemented after a better
understanding of the factors potentially limiting production of fry that were
discussed above (i.e., water temperature, fine sediments, scour) are known.

Finally, providing adults with passage around Drop Structure Number 1 may
benefit steelhead and Chinook salmon by providing adults with access to
improved habitat conditions in upstream reaches of Walnut Creek or tributary
streams. Passage alternatives include bypassing adults around the drop structure
through restoration of Ellinwood Creek or removing or laddering Drop Structure
Number 1. Before passage around Drop Structure Number 1 is addressed,
however, an assessment of existing habitat conditions in upstream reaches,
including opportunities and constraints associated with restoring access and
ecosystem restoration, should be conducted.

7.0 References Cited

Bjornn, T. C., and D. W. Reiser. 1991. Habitat requirements of salmonids in
streams. p. 83-138. In Meehan, W. R. (ed.). Influences of forest and
rangeland management on salmonid fishes and their habitats. American
Fisheries Society Special Publication 19. Bethesda, Maryland: American
Fisheries Society. 751 p.

Crouse, M. R., C. A. Callahan, K. W. Malueg, and S. E. Dominguez. 1981.
Effects of fine sediments on growth of juvenile coho salmon in laboratory
streams. Transactions of the American Fisheries Society 110:281-286

Final Data Summary Report for Baseline Surveys of July 2004
Anadromous Fish Habitat in Lower Walnut Creek 23
Contra Costa County, California J&S 04-024



U.S. Army Corps of Engineers

Contra Costa County. 1992. Final Draft: Walnut Creek channel recreation and
revegetation project, Contra Costa County, California. November 30.

Jones & Stokes. 2004. Data collection plan for baseline surveys of anadromous
fish habitat in lower Walnut Creek, Contra Costa County, California.
Sacramento, CA.

Raleigh, R. F., W. J. Miller, and P. C. Nelson. 1986. Habitat suitability index
models and instream flow suitability curves: Chinook salmon. U.S. Fish and
Wildlife Service Biological Report 82 (10.122). 64 pp.

Reynolds, F. L., R. L. Reavis, and J. Schuler. 1990. Central Valley salmon and
steelhead restoration and enhancement plan. California Department of Fish
and Game. 115 pp.

Tappel and Bjornn 1983. A new method of relating size of spawning gravel to
embryo survival. Transactions of the American Fisheries Society 11:804—
812.

Vyverberg, K., B. Snider, and R. G. Titus. 1997. Lower American River Chinook
salmon spawning habitat evaluation October 1994. An evaluation of
attributes used to define the quality of spawning habitat. California
Department of Fish and Game. May. 44 pp and appendices.

Waters, T. F. 1995. Sediment in streams—sources, biological effects and
control. American Fisheries Society Monograph 7. Bethesda, MD. 251 pp.

Final Data Summary Report for Baseline Surveys of July 2004
Anadromous Fish Habitat in Lower Walnut Creek 24

Contra Costa County, Californ

ia J&S 04-024



Appendix A
Aerial Photographs



